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ORGANIC SULPHUR COMPOUNDS IN ALBERTA CRACKED 
DISTILLATES * 


By C. H. AMBERG + 


SUMMARY 


A comparatively rapid method has been developed for the identification of sulphur compounds in high-sulphur 


cracked distillates. 


The fractionated samples were chromatographed by displacement from an alumina column. 
Liquid cuts were thus obtained that were enriched with respect to organic sulphur compounds. 


These in turn 


were subjected to analysis by a combination of gas—liquid partition chromatography and mass spectrometry. 
The method was employed for the examination of cuts from a thermally and a catalytically cracked distillate 
of Lloydminster crude boiling up to the xylene range and from a thermally cracked distillate of Alberta bitumen 


boiling up to 166° C. 


different thiophenes was obtained. 


INTRODUCTION 


THERE is an increasing need for the study of organic 
sulphur compounds in petroleum in view of the grow- 
ing use of crude oils of high sulphur content. Several 
papers have appeared on the subject, notably those 
of API Project 48 }?, but relatively little has been re- 
ported specifically on Canadian oils.*4 Moreover, 
the bulk of the work done has dealt with crudes, be- 
cause cracked distillates usually present additional 
problems that have not been altogether satisfactorily 
solved. 

In the present work an attempt has been made to 
identify organic sulphur compounds in cracked dis- 
tillate fractions from Alberta oils up to the boiling 
range of the C, aromatics. This was done by employ- 
ing a combination of chromatographic techniques and 
mass spectral analysis in the case cf the predominantly 
occurring thiophenes. In a previous publication from 
this laboratory, Peterson, Keller, and Gishler ® re- 
ported the probable occurrence of thiophene and the 
methylthiophenes in Alberta distillate fractions. 


SEPARATION OF KNOWN ORGANIC SULPHUR 
COMPOUNDS BY CHROMATOGRAPHY 


Distillates in the gasoline boiling range may be 
separated by chromatography to varying degrees of 
completion. For instance, the Fluorescent Indicator 
Adsorption Method * tentatively adopted by the 
ASTM 7 employs a specific activated silica gel to 
separate quantitatively paraffins, olefins, and aro- 
matics in that order. Sulphur compounds (as well 
as other polar compounds) tend to accumulate near 
the end of the aromatic region, but can be displaced 
by appropriate alcohols. 

Thompson and _ co-workers po that Alcoa 
alumina type H-41 gave good separations of sulphur 
compounds from aromatics. They used elution 
chromatography followed by displacement of the 
residual compounds with ethyl alcohol. In the ex- 


* “MS received 8 August 1958. 


It appeared that all the sulphur compounds existing in high enough concentration to make 
individual identification possible by this method were thiophenic in nature. 


A semi-quantitative estimate of 15 


periments described here it was found expedient to 
use displacement techniques only. This has the 
advantage that the fractions collected from the 
chromatographic column are in the pure form, and 
thus need not be separated from eluents. At the 
same time sufficiently high concentrations of sulphur 
compounds can be obtained in a single-stage separa- 
tion to render profitable further analysis of the high- 
sulphur fractions. 


(1) Apparatus and Methods 


Alcoa type H-51 activated alumina was selected 
after a number of trials with different silica and 
alumina gels. This is very similar in both physical 
properties and chemical composition to type H-41, 
which is no longer available. The gel was pre-treated 
by floating off fines that remained suspended after 7 
minutes in a beaker of water approximately 20 cm 
high.* This procedure was repeated twice. Before 
use the gel was dried for 4 hours at 200° C. 

Two glass columns were used. One of these was 
2 m long and consisted of three main sections of 16, 
13, and 7 mm i.d. with a short 7-mm constriction be- 
tween the first two sections.6 This column held 
270 g of the dry gel. The sample to gel ratio used was 
generally of the order of 1: 10 by weight. isoPropyl 
alcohol was employed as the displacing agent ; nitrogen 
pressures were adjusted so that a total run would last 
approximately 20 hours, sample fractions being col- 
lected at the rate of 5-8 ml/hr. Each fraction was 
characterized by refractive index measurements. 

The second column measured 1 m in length and 
6 mm in diameter apart from a short and somewhat 
wider section at the top, followed by a constriction. 
This column, which held 26 g of dry alumina, was 
used chiefly in gel regeneration experiments. 


(2) Gel Regeneration 


In order to test the performance of the activated 
alumina in terms of the benzene-thiophene separation 
after repeated regeneration, a | batch of gel was taken 


~ Issued as N.R.C. Publication No. 4984 _ 
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through a series of cycles involving slurrying with 


benzene, washing, filtering, and drying. It can be 
THIOPHENE —— 
| 
wns BENZENE — 
4 48, 
47s | 
| 
} 
CYCLOHE KANE 
1400}— 
° 10 20 30 40 5S 70 80 90 10 


MEAN VOLUME % 
Fie 1 
REGENERATION OF ACTIVATED ALUMINA GEL 


seen from Fig 1 that there was no significant change in 
gel performance through 19 cycles. 


(3) Results and Discussion 


Preliminary runs were made with known compounds 
in order to test the ability of the activated alumina 
to separate aromatics from sulphur compounds. 
Furthermore, material losses with respect to total 
liquid and with respect to sulphur compound were 
evaluated in separate runs. 

The assessment of the sulphur content of the 
various fractions collected was made on the basis of 
refractive index measurements and gas-liquid par- 
tition chromatography (GLPC).® 

Fig 2 shows the benzene-thiophene separation in a 
sample containing 34-2 per cent benzene and 12-0 per 
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cent thiophene, along with cyclohexane and hexene-1 
(30-2 and 23-6 per cent respectively). Approximately 
97 per cent of the benzene and thiophene was re- 


covered. The cyclohexane and hexene-1 separation 
is not shown, as no particular care was taken with the 
recovery of these substances. Separations of the 
paraffin—olefin type are much sharper on appropriate 
silica gels.1° 

The separation of benzene and diethyl sulphide is 
shown in a similar manner in Fig 3. The original 
mixture contained 25-9 per cent cyclohexane, 29-8 
per cent hexene-1, 33-7 per cent benzene, and 10-6 
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BENZENE-N-AMYL MERCAPTAN SEPARATION ON ALUMINA GEL 


per cent diethyl sulphide. The complete adsorpto- 
gram for a mixture of cyclohexane, benzene, and 
n-amyl mercaptan (48-5, 40-7, and 10-8 per cent re- 
spectively) is shown in Fig 4. 

A comparison of the behaviour of the three sulphur 
compounds is given in Fig 5. It should be noted 
that the origin in this graph coincides with the 
boundary between the sample and the displacing 
alcohol, i.e. the curves read downward along the 
chromatographic column. The relative adsorbability 
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of the compounds appeared to be in line with earlier 
work done on silica gel.!" 

Because of the small size of many of the fractions 
collected, it was not possible to perform the necessary 
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analyses and also study the recovery of both total 
liquid and sulphur compounds. For this reason a 
number of runs was done without fractionation. 


under refrigeration and were still available. The two 
series chosen from these for the present investigation 
were thermally and catalytically cracked distillates 
derived from a crude from the Lloydminster field 
150 miles E. of Edmonton. The cracking tempera- 
tures were 515° and 475° C, respectively. Both these 
had been closely fractionated; they were roughly 
24 years old. Pertinent data characterizing the 
fractions are reproduced in Table IT. 

A third series of samples was derived from the 
thermal cracking at 600° C of hot-water separated 
Fitzsimmons crude (Alberta bituminous sands). 
The details of the pilot plant run will be reported 
elsewhere by W. 8. Peterson. The decanted light oil 
from this run was fractionated in a 25 mm x 36 inch 
Podbielniak Hyper-Cal high temperature adiabatic 
distillation column as described previously.5 Chroma- 
tographic separations were all completed within 10 
weeks of fractionation, although some of the final 
group analyses were done as much as 18 weeks later. 

Table III shows the fractionation data and hydro- 
carbon type analyses done on the fresh gasoline frac- 
tions by the FIA method,® as well as the total per- 
centage of sulphur. 


TABLE | 


Chromatography on H-51 Alumina Gel—Material Balance 


Sample Liquid 


Sulphur Benzene S-compound weight Sulphur 

| compound % % o/ 

/0 
2% | Thiophene 49-1 38 12-9 19-22 1-9 4-91 3:3 
24* | Thiophene 466 | 38:5 14-9 | 22-55 3-5 5-79 1-4 
25 | Diethyl sulphide 47-4 38-6 14-1 19-2 1-4 5-07 2-6 
26 | Diethyl sulphide 52-5 36-9 10-6 |} 20-88 1-4 3°85 2-6 
30 n-Amyl mercaptan 52-9 35-2 11-8 16-45 1-8 3°38 1-5 
31 n-Amyl mercaptan 51-8 38-5 9-9 17-63 2-6 2-64 2-3 


* Using isoamy] alcohol instead of isopropyl] alcohol. 


Each sample was weighed and analysed for total 
sulphur content by the bomb method before and after 
arun. Representative results are shown in Table I. 

In summary it may be stated that the expected loss, 
both with respect to total liquid and with respect to 
sulphur alone, is not likely to exceed 4 per cent, but is 
on the average about half that amount, up to the 
alcohol boundary. Moreover, sulphur compounds 
that overlap into the alcohol region can usually be 
analysed by GLPC; they may be recovered, if 
necessary.! 


ANALYSIS OF DISTILLATE FRACTIONS 

Peterson, Keller, and Gishler 5 have reported the 
results from the fluidized solids coking of a number of 
Canadian high-sulphur crudes using both a sand bed 
and a silica—alumina catalyst bed. A number of 
fractionated samples from this work had been stored 
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Taste IL 

Catalytically (M) and Thermally Cracked (P) Lloydminster 
Crude. Fractionation and Analyses (from Peterson, 
Keller, and Gishler) 


— % Dist. (present 
% Sat. | % OL | % Ar data) 
M-1 23-3 66 14-2 84-8 0-054 
2 27-3 68 94 88-2 2-4 0-05, 
3 37-7 90 17-6 65-7 16-7 0-35 
4 99 23-5 73-1 3-4 0-05, 
5 55-8 118 18-9 42-8 38-3 1-11 
6 60-6 129 | 26-8 67-1 6-1 0-22 
7 69 140 | 194 24-8 55-8 0-98 
71-1 145 | 13-5 32-1 544 1-1 
P-1 16-7 | 69 | 5-2 } 92-9 1-9 0-21 
2 23-9 | 87 } 69 | 67-7 25-4 0-78 
3 31 97 | 16-2 79-5 4-3 0-06, 
44-5 118 176 | 547 27-7 1-18 
5 50-6 127 | 21 73-7 ‘5-3 0-26 
6 | 62-6 45 49-6 32 1-26 


(1) Benzene and Toluene Fractions 
Fractions boiling in the benzene range (M-3, P-2, 
R-2) and in the toluene range (M-5, P-4, R-4) in each 
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of the three series of distillates were chromatographed 
on the alumina column as described, and the ap- 
propriate eluates were further analysed on a GLPC 
column. The thiophenes in the two boiling ranges 
were easily separated. As an example, Fig 6 shows 
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GLPC ANALYSIS OF HIGH-SULPHUR FRACTION FROM M~—) 


the separation of toluene, 2-methylthiophene, and 
3-methylthiophene in a _ high-sulphur concentrate 
from M-5 by GLPC on a 12-foot column at 94° C. 


TABLE IIT 


Thermally Cracked Alberta Bitumen. 
Analyses 


Fractionation and 


Hydrocarbon types | 


% Sat % Ol. | % Ar. 

R-1 2-2 68 94-8 1:7 0-19 

2 10-8 RS 15 13-8 84-7 1-28 

3 12-6 104 71 68-1 24-8 1-02 

4 32 118 0-8 79 91-3 1-99 

5 | 334 | 129 | 10 | 82 8 1-62 

6 | 492 | 140} 2-6 91 88-3 2-41 

7 57-1 | 146k 3-4 13-3 83-3 2-42 

8 | 60-3 | 158 15 | 27-8 57-7 2-45 

9 | #696 | 166 81:8 4-94 

10 | 742 | 170 Te | (Of 82-4 | 2-16 

12 84:6 isi} 9-9 $11 | 31 

13 88-2 186} 9-5 792 3-75 

14 (93-7 190} 155 («127 718 | 2-64 

16 | 68 | 195 13-1 | 8-2 78-7 | 

16 100 | 200 13-7 94 | 769 | 2-09 


| 
| 
| 


The eluent gas was nitrogen, and the stationary phase 
tricresyl phosphate supported on C-22_firebrick, 
35-80 mesh.® 

The identity of the peaks was confirmed by com- 
paring their elution times relative to a standard with 
the known compounds. Furthermore, mass spectro- 
metric analysis of the high-sulphur concentrates 
showed the presence of thiophene in the benzene 
fractions and of methylthiophene in the toluene 
fractions, without distinguishing clearly the two 
isomers in the latter instance. 

In no case were other types of sulphur compounds 
detected by these methods. It is difficult to assign 
limits of detectability, since they vary with in- 
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dividual mixtures. The mass spectrometer used, 
a 90° magnetic-sector-type instrument, will detect 
substances down to a concentration of roughly 0-1 
per cent in very favourable cases. If overlapping of 
one or more of the chief mass-to-charge ratio peaks 
takes place, the lowest limit might well be of the order 
of 5 per cent before the presence of a lesser component 
could be detected in unknown mixtures. 


TaBLeE IV 
Thiophenes in Benzene and Toluene Fractions 


% 8 % 
Total Thiophenes 
M-3 . 0:35 0-37 
M-5 1-11 
P-4 1-18 | 1-1 
R-2 1-28 1:3 
R-4 2-09 


1-99 


In a similar fashion 0-1 per cent can be regarded as a 
working lower limit of detectability for the GLPC 
apparatus used, if the elution peaks are well separated 
and depending also on peak sharpness. By retaining 
separate cuts from the GLPC separation in a cold trap 
and subjecting them to mass spectrometric analysis 
it was possible within the above 5 per cent limit to 
check on sulphur compounds that might have been 
missed due to overlap in the GLPC peaks. 

An additional measure of the probable maximum 
amount of unidentified sulphur compounds was 
gained by comparing the total percentage of sulphur in 
a fraction to the percentage of thiophenic sulphur re- 
covered. Because of the many experimental steps 
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CHROMATOGRAPHIC ANALYSIS OF BENZENE FRACTION R-—2, 
ALBERTA BITUMEN 


involved, this comparison was not expected to be 
better than +5 per cent with fresh distillates (R- 
distillation); with samples after extended storage 
this became roughly +10 per cent. In the latter 
case oxidized and probably polymerized products 
tended to interfere with the GLPC analysis. 

Table IV shows the results of such a comparison. 
Here column 2 gives the total percentage of sulphur 
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in the distillate fraction and column 3 the percentage 
of sulphur as thiophenes calculated from the GLPC 
analyses of all subsequent cuts from the alumina 
column. The chromatograms and composition of 
fractions R-2 and R-4 are presented as detailed 
examples in Figs 7 and 8. It can be seen frow the 
table that no other major component containing 
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CHROMATOGRAPHIC ANALYSIS OF TOLUENE FRACTION R-4, 
ALBERTA BITUMEN 


sulphur was likely to be present in the benzene and 
toluene fractions. Further confirmation became 
evident from the sulphur group analyses (v.i.). The 
tendency for the thiophenic sulphur to be somewhat 
higher than the total sulphur would suggest a sys- 
tematic error, but more data are required before this 
can be definitely established. 


(2) Fractions in the Xylene and C, Aromatics Boiling 
Range—Analysis by Mass Spectrometer 

Fractions P-6, M—7, M-8, and R-6 to R—9, whose 
properties are shown in Tables IT and III, were treated 
in the same way as the benzene and toluene fractions 
previously discussed. 

In order to achieve a relatively rapid, semi- 
quantitative identification of the sulphur compounds 
present, it was decided to limit the pre-concentrating 
stage to a single-pass chromatographic separation 
by displacement from the H-51 alumina column. 
The high-sulphur fraction thus obtained might still 
contain a considerable amount of aromatic hydro- 
carbons, but the two types of compounds can be 
readily differentiated on the mass spectrometer. 
Paraffins and olefins were completely removed, but 
styrene homologs invariably appeared together with 
the alkylthiophenes near the alcoholic boundary on 
the alumina column. 

As previously shown,’ the six C, thiophenes can be 
separated by GLPC on a tricresyl phosphate column 
with relative ease. There occurred, however, a 
certain amount of overlap with aromatics. With 
the aid of Fig 9 one may visualize the relative position 
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of peaks on the chromatogram. Here the logarithm 
of the relative elution time of the compounds at the 
conditions indicated was plotted against the number 
of carbon atoms in the molecule.'* Inspection of the 
points representing dimethyl- and ethyl-isomers in 
Fig 9 suggests a natural division into three groups, 
which, indeed, was followed for trapping out the GLPC 
eluates and subsequent mass spectrometric analysis. 
In order to analyse the spectra obtained, use was 
made of the method of mass spectral correlations de- 
scribed by Kinney and Cook !° and applied by Kinney, 
Smith, and Ball to the identification of thiophenes in 
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@: Thiophenes (n-alkylthiophenes not numbered) 
©: aromatic hydrocarbons 


1. Ethylbenzene 13. m-Ethyltoluene 

2. 2,5-Dimethylthiophene 14, 2-Methyl-5-ethylthio- 

3. p-Xylene phene * 

4. m-Xylene 15. Allylbenzene * 

5. 2,4-Dimethylthiophene 16. Mesitylene 

6. o-Xylene 17. 2,3,4-Trimethylthiophene 
7. 2,3-Dimethylthiophene (tentative) * 

8. Styrene 18. 0o-Ethyltoluene 


9. 3,4-Dimethylthiophene * 19. 2,3,5-Trimethylthio- 
10. Cumene phene * 

11. n-Propylbenzene 20. 1,2,4-Trimethylbenzene 
12. p-Ethyltoluene (tentative) * 


* Not confirmed with known compound. 


shale-oil naphtha.’* In instances where no spectra 
and sensitivities had been published in the API 
catalogue,!> recourse was taken to values given in the 
above publications and by Hartough.'® Our own 
spectra were determined where possible. Examples 
of characteristic peaks for 3-ethylthiophene and 
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2,3-dimethylthiophene are given in Table V. The 
3-ethylthiophene was an API sample of over 98 per 
cent purity’? and the 2,3-dimethylthiophene was 


TaBLE V 
Comparison of Mass Spectra. Relative Ion Intensities 


3-Ethylthiophene 2,3-Dimethylthiophene 


Ion | 


| Present | “ree Present 
13 | 
12+ | 389 | 427 | 83-4 104 
111+ 75 85 | 832 | 90 
97+ 100 100 100 
85+ 26 | 25 | 46 5-4 
84+ 4 41 | 1-7 1-4 
14 | | 13-8 14-9 
58 — | - 10-9 10-1 


obtained by chromatographing a commercially impure 
sample on a GLPC column. 

In the following the method of analysis is outlined 
by means of the R-series. Since the magnitudes ob- 


of the xylene range in Fig 9. As expected from the 
boiling range, neither of the two compounds in the 
third group were present. They were, however, 
contained exclusively in R-7 (140}°-146}°). The 
relative ion intensities of four characteristic peaks 
measured for the two cuts in each case are shown in 
Table VI, together with those for the appropriate 
thiophene homologs. 

On the basis of approximately equal sensitivities 
and using the 112* ion peaks the ratio of 2-ethyl to 
2,5-dimethylthiophene in GLPC cut 1 of R-6 was 
estimated to be 2-4. This value was then used in a 
test for self-consistency to calculate the relative ion 
intensities of the 111 and 59 peaks, which worked out 
to be 57-4 and 11-9 respectively (observed, 61-4 and 
11-8). 

GLPC cut 2 was analysed in a similar fashion, only 
two peaks (112 and 111) had to be used to set up 
appropriate simultaneous equations for the three 
thiophenic constituents. 

Analysis of fraction R-7 followed the same pattern 
as that of R—-6, but was simplified in that only three 
thiophene homologs occurred. The higher boiling 


TABLE VI 


| R-6 | R-7 


Relative Ion Intensities for R-6, R-7, and Alkylthiophenes 


Alkylthiophenes 
Ton | GLPC | GLPC | GLPC | GLPU | , 2,5- | 3-Ethyl | ...24 2:3 | 3,4- 
| Cut2 | Cutl Cut2 | Dimethyl | “~~ | Dimethyl Dimethyl | Dimethyl] 
614 117, | 108 | 206 6s | 178 | 85 | 214 | 2313 
97+ | 100 | 100 100 «1000 | 100 000s | 100 | 100 100 (100 
| 118 11-4 129 | 63 13 | 37-4 | 41 | is | | 6 
Tasre VII 
Relative Ion Intensities for R-8, R-9, and Alkylthiophenes 
R-8 R-9 
Ton | 2-Methyi. | | 2,3 
GLPC | on. | 2,3,4-Tri- 2,3,5- 
Cut 3 | ,S-ethyl- | py! methyl. Trimethyl 
| thiophene | | thiophene thiophene 
126+ 58 37 on: | 63 61 | 86 80 
125° 44 6 0-8 | 45 58 80 82 
100 | 100 | 19 100 100 100 100 
97* 60 1-6 100 9 | 7 5-5 
84 1-1 | 16 | 04 | 0 0-9 
59* 7-9 95 1-2 | 17 12 31 | 29 


tained cannot be regarded as better than semi- 
quantitative, it has not been attempted to include in 
the analysis eluates from the alumina column that 
were collected ahead of the high-sulphur fraction. 
The high-sulphur eluate of R-6 (129°-140}°) was 
separated by GLPC and trapped out in two cuts 
corresponding to the lower two groups of compounds 


fractions (146}°-158°) and R-9 (158°-166°) 
were again subjected to the same treatment. Un- 
fortunately in this boiling range only half the mass 
spectra of the possible thiophene isomers were known 
and, in fact, no physical data of any kind appeared 
to be available for 2-ethyl-4-methyl or for 3-ethyl- 
4-methylthiophene. 2-tert-Butylthiophene could have 
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vecurred in R-9, but no mass higher than 126 was 
detected by the mass spectrometer. 

The relative ion intensities of such compounds as 
were identified with a fair degree of certainty are 
presented in Table VII together with those of the 
pure compounds from the above sources. Tentative 
estimates were made for the following thiophenes in 
R-8: GLPC cut 1 contained about 2 per cent of 
sulphur compounds which were mainly 2,3-dimethyl- 
thiophene and some 2-isopropylthiophene. The 


The following points may be noted: the sum total 
of the thiophenes boiling up to 166° accounts for at 
least 70 per cent of the total sulphur in the gasoline 
cut. This figure is a minimum, since the two tri- 
methylthiophenes probably also occurred in the next 
higher fraction R-10. For the same reason also the 
apparent 1: 1 ratio of the 2,3,4- and the 2,3,5-isomer 
cannot be regarded as significant. The comparative 
abundance of 2-methyl and 3-methylthiophene was in 
the ratio 2:1; for the analogous ethyl-isomers this 


Tasie VIII 


Proportion of Alkylthiophenes in Fractions 


Alkylthiophene M-5 P-4 M-7 

2-Methyl . 46 | @ 

3-Methyl . ; 54 29 33 

2-Ethyl 25 
3-Ethyl . 10 
2,5-Dimethyl . 30 
2,4-Dimethyl 
2,3-Dimethyl 20 


3,4-Dimethyl 
2-isoPropyl 
3-isoPropyl | 
2-n-Propyl 
2-Methyl-5-ethyl. | 
2,3,4-Trimethyl . | 

2,3,5-Trimethyl . | 


sulphur compounds in cut 2 were largely 3,4-di- 
methylthiophene along with some 3-isopropylthio- 
phene, the latter being the only possible isomer of 
mass 126 to have eluted so early. Cut 3 contained a 
large amount of 2-methyl-5-ethylthiophene. Even 
though the mass spectrum alone did not uniquely 
establish the presence of this compound, some 
generalized concepts regarding the mass spectra of 
thiophenes,!* as well as the consideration of boiling 
points and elution times, definitely favoured the 
2,5-isomer. The high value for mass 97, Table VII, 
together with an elution time near that estimated 
from the lower straight line of Fig 9, suggested 2-n- 
propylthiophene as the other major constituent of 
mass 126 in GLPC cut 3. 

The main thiophenic constituents of R-9 were 
identified with comparative ease. GLPC cut 1 
extended over the same elution range as cut 3 in 
R-8 and contained the same compounds. The 
contents of the second and third GLPC cuts may be 
gathered from Table VII. 


(3) Summary of Thiophenes Identified 


The final estimates are summarized in Tables VIII 
and IX. Table VIII shows the percentage composi- 
tion of the thiophenes in each of the fractions ex- 
amined. In Table IX the results for fractions R-1 
to R-9 are combined to give an estimate of the total 
amount in the gasoline cut of each of the thiophenes 


identified. 
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M-8 P-6 R-6 
15 40 
? <5 
60 20 | 
? 20 10 
55 20 20 80 15 
45 ? | 10 35 
| | | 5 | trace 
5 | 
| 10 
| 40 10 
45 
45 


became approximately 8:1, while their absolute 
abundance in terms of percentage of sulphur was only 
about one-third of that of the two methylthiophenes. 
This trend appeared to persist through the mono- 
substituted propylthiophenes. The single most 
abundant isomer detected was 2-methylthiophene. 


TABLE IX 


Thiophenes Boiling up to 166° in Gasoline Cut, Thermally 
Cracked Alberta Bitumen (R-Distillation) 


| Wet % of total | % of total S 


Alkylthiephens | gasoline cut in gasoline cut 
Thiophene 0-32 4-9 
2-Methyl . 1-00 13-1 
3-Methyl . ‘ 0-50 6-6 
2-Ethyl . 0-54 6-3 
3-Ethyl . 0-07 0-8 
2,5-Dimethyl . 0-27 3-1 
2,4-Dimethyl . 0-34 3-9 
2,3-Dimethyl . ; 0-80 9-2 
3,4-Dimethyl ‘ 0-16 1-8 
2-isoPropyl 0-01 0-1 
2-n-Propyl . 0-03 0-3 
2-Methyl-5-ethyl 0-31 3-1 
2,3,4-Trimethyl . > 0-82 >8-4 
2,3,5-Trimethy] . >0-82 >8-4 

Total 6-0 70 


In some ways the above results are similar to those 
obtained by Kinney, Smith, and Ball '* for the thio- 
phenic constituents in shale-oil naphtha. These 
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authors also detected all possible isomers up to the C, 
thiophenes, although they were not able to identify 
2,4-dimethylthiophene with certainty. Since crack- 
ing temperatures alone affect the abundance of 
specific isomers to a marked degree,!* it is not sur- 
prising that their quantitative estimates varied from 
ours. They too, however, found that among mono- 
substituted isomers the 2-position was favoured. 
Undoubtedly in the present case the thiophenes under 
discussion were formed by the cracking of larger 
molecular units existing in the original bitumen. 
Such similarities as exist suggest that the thiophenes 
in the shale-oil may well have been formed by a 
similar cracking process. 


(4) Sulphur Group Analysis 

The classes of non-thiophenic sulphur compounds 
in the low-boiling range under discussion are in all 
probability confined to mercaptans, sulphides, and 
disulphides. It was attempted to obtain estimates of 
these sulphur groups with a view at least to establish- 
ing upper limits. The problems of exact analysis of 
sulphur groups in cracked distillates have so far 
presented considerable difficulty.!® 

Mercaptans were titrated potentiometrically with 
fairly high accuracy,” although, as shown earlier by 
Ball, their concentration decreased markedly with 
time. Sulphides were determined by forming an 
iodine complex and measuring its absorption near a 
maximum in the ultra-violet.2)~*3 Because of inter- 
ference from aromatics, thiophenes, and _ olefins, 
which could be estimated only approximately, ac- 
curacy was of the order of 20 per cent. Disulphides 
were reduced to mercaptans with zinc and acetic 
acid.1® Results were not expected to be better than 
one-half order of magnitude. 

Suffice it to summarize the results for the fairly 
typical R-series (see Table III). 

Mercaptans were encountered in the range 0-40 
p-p.m. 8 in fresh samples with the exception of a few 
of the higher fractions with up to ten times this 
amount. After four months this had decreased to 
zero in all but the last fraction. Not enough material 
remained for further analyses of R-1. Sulphides in 
R-2 to R-16 varied from 0-01 to 0-08 per cent 8. 


Disulphides were found only in fractions R-10 to 
R-16 and varied from 10 to 80 p.p.m. 8. 
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SOME OBSERVATIONS CONCERNING THE VISCOSITY~— 
TEMPERATURE BEHAVIOUR OF HYDROCARBONS * 


By W. C. WINNING + (Fellow) 


Ever since the classical studies of Thorpe and 
Rodger ! in the 1890's investigation of the viscosity— 
temperature behaviour of hydrocarbons has been the 
vocation or avocation of uncounted workers. A 
large collection of data has been assembled and much 
effort has been directed to establishing underlying 
behaviour patterns. Nevertheless, few generaliza- 
tions have emerged in a sufficiently specific form for 
practical mathematical application. Gaps and un- 
certainties in the data have long made sweeping 
analyses difficult. 

Recently, however, Grunberg and Nissan* re- 
worked and published all the hydrocarbon data they 
had collected in an exhaustive literature search. 
Further information has since been provided by the 
report of API Research Project No. 42,2 which gives 
particularly complete and reliable data on the n-paraf- 
fins. In consequence, enough information is now 
available regarding several hydrocarbon families in 
which the writer has attempted to identify some 
characteristics which interrelate viscosit y-temperature 
behaviour. This paper presents preliminary observa- 
tions which may warrant fuller study in the years 
ahead. 

The interrelationship of the n-alkanes, as repre- 


sented by the n-paraffins, n-alkyl benzenes, n-alkyl © 


cyclopentanes, and n-alkyl cyclohexanes, is demon- 
strated in Fig | for temperatures ranging from 32° to 
210° F. The abscisse are the viscosities at 140° F; 
the ordinates are the corresponding viscosities at the 
temperatures indicated. The scales are logarithmic 
and viscosities are in centistokes. All the pertinent 
data given in the references cited are included. 

Three observations emerge on examination of Fig 1: 


(1) The points for all four hydrocarbon classes 
have approximately the same scatter about the 
correlation lines. For preliminary purposes, 
therefore, the viscosity-temperature behaviour 
of these n-alkanes can be considered as identical 
over the range studied, except for the lowest 
members. 

(2) On log-log co-ordinates this behaviour can 
be represented by straight lines. 

(3) These straight lines converge to a common 
point, thus giving rise to the general equation: 

(1) 
P — log V, 


* MS received 21 July 1958. 
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+ Standard Oil Company (New Jersey). 


where V, and V, are the kinematic viscosities at 
temperatures, 7’, and 7; P is the convergence 
pole whose value is found to be —0-93; { and R,, 
is a ratio which varies with the temperatures 
being compared. Values of R,» read from Fig 1 
are listed in Table I. 


Taare I 


Variation of Ras with Temperature 


| Ra 

32 140 | 1-480 
68 140 1-266 
102 140 1-126 
140 140 1-000 
176 140 0-902 
210 140 0-827 


For comparisons at temperatures other than those 
of Table I it is helpful to have a rule for the variation 
of R,, with the temperature, 7',. General experience 
indicates that this should approximate a reciprocal 
relationship, and therefore 1/R has been plotted 
v. temperature in Fig 2. Over the range 100° and 
210°F the points fall on a straight line conforming to 
the equation : 


1/Ray = (T. + 195)/335 « 


when 7’, — 140. Thus for this range it becomes 
possible to write: 


0-93 + log V.__ T, + 195 (3) 
0-93 + log V, + 195 
or 


0-93 + log V =C/(T +195) . (4) 
Below 100° F the equation becomes unreliable. 


An expression of the temperature function covering 
the full range of Table I could, of course, be estimated 
by the method of multiple regressions, but such a 
mathematical complication is not required to develop 
the conclusions of this paper. 

Equation (3), which was derived for the n-alkanes, 
must somehow fall within a broader pattern which 
includes all hydrocarbons. Such a broader pattern 
would be represented, for instance, by: 


P + log V =C(T +8)-2 (5) 


t Logarithm base 10. 


9 


. 
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An equation of this sort is obviously extremely flex- 
ible, and could be expected to reproduce a wide 
variety of viscosity-temperature curves with fair 
accuracy. If it were furthermore found that two of 
the three constants, P, Q, and S, are substantially the 
same for all hydrocarbons, then equation (5) would 


only case left to examine now is that of letting Q 
vary. In this event equation (5) becomes: 

0-93 + log V = + 195)-2. (6) 
or 


log (0-93 + log V) = log C —Q log (T + 195) (7) 


os). 


a 

S00 

z 


CODE 
n-Poraffins © 
f-alky! Cyclopentones QO 
n-aAlky! Cycinexanes QD 
n-athy! Benzenes 9 
Benzene © Cyclohexone @ 


LOG CENTISTOKES aT 


Fie 1 


tie all hydrocarbon viscosity-temperature behaviour 
to that of n-alkanes by the single remaining variable. 

Some time ago Sloane and Winning ‘ tested the case 
where Q = 1 on a variety of hydrocarbon lubricating 
oils. Their findings eliminated the possibility of 
holding either P at 0-93 or S at 195 as required by 
equation (4), when Q is fixed at 1. Consequently, the 


To test equation (7), the plot shown in Fig 3 was 
prepared. Ordinates are units of log (0-93 + log V), 
abscisse of log (7' +- 195), corresponding to the vis- 
cosities and temperatures indicated. 

When n-alkane characteristics are read from the 
curves of Fig 1 and plotted on the co-ordinates of Fig 
3, straight lines with a slope (Q) of 1-00 result. This 
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is a necessary consequence of the derivation of the 
chart and is evidence only that the chart has been 
constructed in correct accord with this derivation. 
Furthermore, when data for. 0 and 100 V.1.* oils, 
read off the ASTM viscosity temperature chart, ® are 
plotted as in Fig 3, straight lines are also obtained. 
This is the result hoped for and demonstrates that 


Fig 2 
VARIATION OF WITH WHEN IS 140° F 


equation (7) is applicable from 100° to 210° F to the 
commercial lubricating oils for which the ASTM chart 
is designed. Furthermore, if the ASTM chart is 
accepted as having general application to all hydro- 
carbons, then the same should be true of equation (7). 
Thus it seems possible to characterize the viscosity— 
temperature behaviour of all hydrocarbons over the 
range 100°-210° F by an equation containing only 
two independent variables, one which represents the 
particular hydrocarbon and the other a factor which 
relates the behaviour to that of the n-alkanes. 

This factor, Q@, deserves some examination. It is 
related to the actual viscosity-temperature slope, 
dV /dT, by: 

T + 195 

ar 
If we represent the n-alkanes by the subscript n, and 
any other hydrocarbon by m, then, since Q, = 1: 


T'm + 195 


ld 
Q +195 
(0-93 + log V,) 
(9) 


Suppose the two slopes are compared at a common 
point. In this case V,, = V,, 7, = 7, and: 
— 
Thus Q is the ratio of the viscosity-temperature slope, 
dV /dT, of the hydrocarbon to that of the hypothetical 


(10) 


n-alkane which possesses the same viscosity at the 
temperature of comparison. 

This analysis can be carried further. For instance, 
by strictly theoretical reasoning Eyring ® has derived 
an equation for viscosity-temperature behaviour 
which may be represented as: 

E 
kT 
where & is the Boltzman constant, N is Avogadro’s 
number, A is the Planck constant, and M the 


log V = + log (NAM) - (11) 


Log (T + 195) 
245 2.55 
06 
1000 
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200 }- 
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Fie 3 
VISCOSITY~TEMPERATURE CURVES 


* The V.I. is mentioned only to indicate that the data are representative of practical conditions. It plays no part in the proof. 
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molecular weight. JZ is the activation energy which 
varies somewhat with temperature but for a limited 
range of temperature one can write: 


aT ~~ (118) 
Using subscripts as before we obtain: 

(d V /dT )m Em (12) 


(VidT), 


when comparison is made at the same temperature 
and viscosity. Hence 


_ Em 9 


That is, Q is a measure of the energy of activation of 
any hydrocarbon relative to that of the hypothetical 
n-alkane which has the same viscosity at the tem- 
perature involved. Other associations of @ can 
doubtless be developed. 

In each instance Q is a measure of some aspect of 
viscosity-temperature behaviour relative to that of 
the n-alkanes. Q is therefore a magnitude which has 
an absolute significance independent of the empirical 
approach by which it has been derived. The parti- 
cular contribution of the foregoing analysis has been to 
demonstrate that Q, and all the relationships it implies 
for any particular hydrocarbon or hydrocarbon mix- 
ture, approximate a constant value over the 100°— 
210° F temperature range. 

The question arises as to how Q varies as hydro- 
carbon structure departs from that of the n-alkanes. 
To assist in such calculations Table II lists values of 
log (0-93 -++- log V) corresponding to viscosities ranging 
from 0:2 to 10,000,000 cS. Furthermore, since: 


where W = log (0-93 + log V), Z = log (T + 195) 
and subscripts a and b refer to the temperatures, one 
can write: 
Wa W, 

The additional column of Table II gives values of 
W/(Z, — Z,) where the temperatures are 100° and 
210° F. These figures permit the estimation of Q by 
a single subtraction from viscosity data at 100° and 
210° F. 

Calculating Q for a series of isoparaffins reported by 
API Project No. 42? gives the results of Table III. 
Here it is apparent that the presence of a side chain 
increases Q, that the effect of the side chain increases 
as it moves towards the centre of the molecule, and 
that a maximum effect is produced by side chains 
3 to 8 carbons in length. 

Multiplying the number of side chains markedly 
raises %, as indicated by Table IV. Phenyl groups 
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increase Q more than alkyl in complex structures, and 
cyclohexy! groups have a still greater effect according 
to Table V. Here a definite maximum value of Q 
appears when all three groups joined to the central 


Taste III 
Viscosity Behaviour of isoParaffins 


| 
Cc. 2-85 1-01 

Cc | 

Ce 2-14 1-02 

Cy—C—Cyy 200 | 1-05 
| 

C; 1-67 1-08 
Cy 

Ce ¢ —C;, 1-69 1-08 
C, 

C, 

3-09 1-09 
C, 

Ou 4-9 | 1-07 
Cis 

TaBLe IV 


Effect of Additional Side Chains 


: Viscosity, | 
Compound eS at 210° F Q 
167 | (1-08 
Cy 
C.— 272 | 1-20 
C, C, 
Cc | 
(C | | 1-30 
| 
((C—C —C,—),} 10-7 1:38 
OU 


carbon contain 6 carbons. This appears to be an 
effect of symmetry which can also be detected in 
Table IIT. 


i 
Sik 
i 


14 WINNING: SOME OBSERVATIONS CONCERNING THE 


Higher values of @ are therefore indicative of in- 
creasing departures from linearity, or of increasing 
skewness, and @ is a measure of this non-linearity. 
Obviously, non-linearity is not well defined as a 


TABLE V 
Effect of Ring Structures 


T 


Viscosity, | 
Compound at 210° F | 
| | 
Cc } 
1-15 1-01 
(ch)—C—(ch) 1:76 | lll 
| 
c,—_Cc—C, 1-5] 
| 
(ph)- -(ph) 2-00 | 1-29 
Ce | | 
(ch)— -(ch) | 3-08 | 1-41 
| 
. 246 | 1-09 
| 
Cis | 
(ph)— § (ph) 3°7 | 1-22 
—(ch) 5-3 1-30 
| | 
Cys 


(ph) = phenyl 


(ch) = cyclohexyl 


positive concept, and to give it quantitative signifi- 
cance we shall assume that two hydrocarbons are 
non-linear to the same degree when both have the 
same Q. 

It is not intended to make a definitive study of the 
effect of structure in this paper. However, enough 
data have been presented here to demonstrate that 
the effect is exceedingly complex, varying not only 
with the size, nature, and location of substituent 
groups, but that various maxima are reached or 
passed through. Hence a common value of Q is not 
evidence that a number of hydrocarbons chosen at 
random are alike chemically, only that, by our defini- 
tion, they are non-linear to the same degree. 

Despite the wide variety of structures which may 
be characterized by a particular value of Q, it does 
seem possible that when dealing with very complex 
mixtures such as lubricating oils there will be an 
averaging effect so that a common Q rating is evi- 
dence of a substantial degree of homology. Obviously 
this hypothesis is not readily susceptible to proof, 
but it may be interesting to observe the variation in 


Q of such a widely accepted basis for lubricating oil 
classification as the Dean and Davis viscosity index.® 

Table VI indicates that for viscosities of over 8 cS 
at 210° F the value of Q, and hence the non-linearity 
of the 100 V.I. series, is substantially constant. This 
constancy is perhaps evidence of homology within 100 


TaBLE VI 
Q Rating of V.I. Standards 


Standard Series 


cSat210°F 109 
2-0 | (129 

4-0 121 | 1:87 

8-0 127 1-54 

16-0 1-27 1-58 
32-0 1-28 1-62 
64-0 1-29 1-65 


V.L. oils, but even if the evidence is accepted consider- 
able question remains as to what such homology, or 
constant non-linearity, may mean in terms of specific 
physical and chemical structure. 

Below 8 cS the value of Q falls rapidly and the 100 
V.I. series approaches the n-alkanes. Thus there is 
a marked break in the homogeneity of the Pennsyl- 
vania crudes from which the 100 V.I. standards are 
derived. This break is of course well known to all 
students of viscosity index scales and the variation in 
@ is consistent with this knowledge. 

The 0 V.I. series shows a similar break in the low 
viscosity range. However, above 8 cS Q still increases, 
though less rapidly, as viscosity rises. Hence the 
0 V.I. series appears to lack the homology which 
characterizes the 100 V.I. in the upper viscosity 
range. 

However uncertain the exact relation of values of 
@ above 1 may be to molecular structure, the signifi- 
cance of 1 itself appears quite well established, at 
least for individual hydrocarbons. A Q of | is charac- 
teristic of the normal methylene chain, either alone 
or containing only substituent groups which do not 
significantly alter its cross-sectional dimensions or its 
linearity. 

Furthermore, upon examination of viscosity data 
for many hydrocarbons the writer found no instances 
of a Q significantly below 1. Hence it seems that the 
n-alkanes define the boundary of minimum tempera- 
ture sensitivity of hydrocarbons. This concept of 
boundary viscosity—temperature characteristics is not 
new and was employed by Sanderson ’, for instance, 
as the basis of his Relative Viscosity-Temperature 
Numbers. However, Sanderson included data on 
oxygenated compounds in drawing up his reference 
series, and his conclusions are therefore not directly 
comparable to those of this study. 

It is not to be inferred that substances lower in 
viscosity—temperature sensitivity than n-alkanes are 
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non-existent. Fenske,* for instance, has pointed to 
polymethy] silicones ranging from 0-33 te 6-83 in Q. 
Evans ® has cited orthosilicates: 


(2) Over the 100°-210° F range ail hydrocarbons 
and their mixtures may be represented by the same 
equation (13). The viscosity and temperature func- 
tions, W and Z, remain unchanged but Q@ may range 


-Butyl . 086 
nHexyl 0-89 upward from 1. 
n-Heptyl. . 0:90 (3) Hence the viscosity-temperature behaviour of 


Wright 1° refers to polymethyl siloxanes far less 
temperature-sensitive than the n-alkanes. 

These tigures are calculated from viscosities at 100° 
and 210° F. Whether the silicon compounds can 
actually be related to the n-alkanes in viscosity— 
temperature behaviour by a coefficient such as Q is still 
to be established. 

This paper, as stated earlier, is presented as a 
preliminary study. The observations put forward 
require extension over a wider range of temperatures, 
viscosities, and hydrocarbon types. Oxygen, halogen, 
silicon, sulphur, and phosphorus-containing deriva- 
tives of hydrocarbons need to be tied in, and so do 
solutions of high molecular weight polymers. A 
more exact expression for Z, the temperature function, 
is needed and the limitations of 0-93 as the value of 
P, in W the viscosity function, deserve study. The 
writer hopes that the relatively brief observations of 
this paper will encourage others to make more defini- 
tive investigations along the lines indicated. 


CONCLUSIONS 


(1) Over the range 32°-210° F, the viscosity tem- 
perature of the n-alkanes, as represented by the 
n-paraffins, n-alkyl benzenes, n-alkyl cyclopentanes, 
and n-alkyl cyclohexanes, can be written as a 
single equation: 

W=C—QZ (13) 
where Q=1 


and W is a function of viscosity such that: 
W = log (0-93 + log V) 


C is a constant characterizing the particular hydro- 
carbon. 

Z is a function of temperature and over the range 
100°-210° F may be approximated by: 


Z = log (T +195) 
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the normal methylene chain as represented by the 
n-alkanes sets a basic pattern to which the behaviour 
of other hydrocarbons may be related by the single 
coefficient Q. 

(4) The physical significance of Q is not limited to 
equation (13). It is a general measure of viscosity— 
temperature behaviour relative to that of n-alkanes. 
For instance, Q gives the ratio of the viscosity—tem- 
perature slope, dV /d7’, of any hydrocarbon to that of 
the hypothetical n-alkane of the same viscosity at 
the temperature of comparison. 

(5) In terms of hydrocarbon structure, Q is regarded 
as a measure of the non-linearity imparted by sub- 
stituent groups to the basic normal methylene chain 
structure. 
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PART IX. FURTHER DATA ON EMULSIONS AND SLUDGES * 
By GEO. Ff. MAPSTONE + (Fellow) 


SUMMARY 


The sludge that accumulated in the crude oil storage tanks was stabilized by waxes, asphaltenes, and dust. 
Heating sufficiently allowed the waxes to melt and the asphaltenes to coagulate and settle out with the dust, 


thus allowing the sludge to be resolved. 


INTRODUCTION 

In the same way that petroleum crudes differ, so do 
shale oils, and methods of handling must be modified 
according to local requirements. 
heavy sludges from oils which are not perfectly dry 
appears to be a characteristic of crude shale oils. It 
is the purpose of this paper to place on record some 
experiences with the sludges from South African crude 
shale oil and to indicate some differences between 
these and other shale oil sludges. 

In general, this crude shale oil as received at the 
refinery from the carbonizing department has been 
settled and filtered and contains less than 0-2 per cent 
of water. However, much of this water settles in the 
crude oil storage tanks, which finally accumulate a 
heavy deposit of very viscous to semi-solid sludge 
containing about 50 per cent water. The appearance 
of this sludge is very similar to that of the Australian 
shale oil sludges described elsewhere.!* 


EXPERIMENTAL 
Because of the known effects of acids and heat on 
the Australian sludges, these were tried on the present 
sludges. 
When the sludge was heated to boiling the oil broke 
cleanly from the water while a quantity of asphaltenes 


TaBLe I 
Properties of Oils Recovered from Sludges 


Setting Sulphur, 
rt, °F? | wt % wt % 
Original crude oil . 59 663 | O65 
Oil from sludge treated by: 
(1) Boiling with added water 94 2-88 
(2) Boiling with 0-5% H,SO, 99 4°39 - 
(3) Boiling alone: (a) . 102 | 463 | 0-62 
(b). 120 ‘57 | 0-64 
— | 076 


Asphaltenes from crude . 


coagulated and settled to the bottom of the water. 
On cooling to room temperature the oil set as a waxy 
cake. 


* MS received 6 May 1958. 
+ Present address:—Dermacult (8.A.) Pty. Ltd, Box 726, 


The deposition of 


Very similar results were obtained when the sludge 
was acidified and heated, the break occurring some- 
what more quickly. 

Since the very waxy character of the oils recovered 
from the sludge had not been reported before, the 
setting point, asphaltene, and sulphur contents of the 
recovered oils were determined (Table 1). 

An attempt to break the sludge in a storage tank by 
injecting live steam through the water drains was 
only partially successful due to the precipitated 
asphaltenes melting and sealing off the water drain. 
When cleaned out, this asphaltene deposit was of two 
kinds. Where it had been exposed to the steam it 
was hard and brittle, while those portions which had 
not been in contact with the steam were soft and 
flowed to assume the shape of the container. The 
analyses of the two types of asphaltene are given in 
Table Il. A point of interest is that, when dried in 


TaBLeE IT 
Examination of Asphaltene Deposit from Sludge 


Description Hard Soft 
Solubility in wt % 25-1 12-8 
Solubility in CS,, wt % 36-9 43:3 
Solubility in plant kerosine : 90-0 
Solubility in plant gas oil a _ 90°: 
Ash content . 8-7 5-9 
Penetration at 77° F ‘ P 2 68 
R & B softening point, ° F 170 114 


the air oven at 100° C, both samples fused and coked. 
The results of successive Soxhlet extractions of a 
sample of the soft asphaltene are given in Table LIT. 
The ash present in the sample was mainly silica with 
small amounts of iron and magnesium. 

The deposition of this asphaltene complicated the 
treatment of the sludge despite the high solubility of 
the deposit in the crude kerosine and gas oil streams 
from the plant (Table II). Dilution of the sludge 
with such oils did aid the breaking somewhat, but 
this was due to the reduction in the viscosity of the 
separated oil rather than to the solution of the 
asphaltene, as shown by the beneficial action of gaso- 
line when the sludge was not actually boiled. 


banite Mining and Refining Co. Ltd. 
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Effective treatment of the sludge on the plant scale 
was achieved by heating it in a separate small tank 
from which the deposited asphaltenes could be re- 
moved from time to time. This deposit was fused 
solid and not granular, as was the deposit from the 
Australian sludge,? and so could not be handled in the 


TaBLeE III 
Successive Soxhlet Extraction of Soft Asphaltenes 


Weight per cent 


Solvent Constituent 
Fraction Cumulative 
Petroleum ether (40°— | Malthenes 31-0 31-0 
60° C) 
Carbon tetrachloride | Asphaltenes 34-8 65-8 
Benzene Asphaltenes 2-8 638-6 
Carbon disulphide Carbenes 24-1 70-7 
Carboids 25-1 95-8 
Ash 4-2 
Total 100-0 


same manner with scrapers. It was found that live 
steam injection was more effective than steam coils 
and, although actual boiling of the tank contents 
could not be observed, treatment was effective with- 
out the addition of solvent oils. Although the break 
was never quite complete, the amount of residual 
material left in the treatment tank to be re-treated 
varied little in volume, being generally much less than 
5 per cent by volume of the tank contents, most of 
this volume being left to prevent remixing the 
separated oil and water. 


DISCUSSION 

The data in Table I show that not only was the 
recovered oil more waxy than the original crude but 
that it also had a lower asphaltene content. The 
following theory, based on these observations, ex- 
plains the formation of the sludge and its properties. 

The temperature of the oil in the storage tanks is 
very close to its setting point and, under these cireum- 
stances, some of the harder waxes will have crystal- 
lized out. In addition, asphaltenes precipitating 
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from the oils due to oxidation, supersaturation, or 
adsorption on the wax crystals will form an additional 
finely dispersed solid or semi-solid phase. The fact 
that the asphaltene content of the recovered oil is 
about 2 per cent less than that of the original crude 
oil suggests that incipient coagulation of initially 
colloidally dispersed asphaltenes is a significant factor. 
Any water emulsified or suspended in the oil will settle 
slowly, but the droplets would be strongly stabilized 
by the solids present, namely, wax crystals, asphalt- 
enes, and dust. In time this emulsion will settle to 
the bottom of the tank, but, because of the high solids 
content, it will be quite stable and persist as sludge. 

On heating this sludge the wax and asphaltenes 
would melt, the former redissolving in the oil, while 
the latter would entrain the dust as they coagulate 
and settle out. The removal of the solid phases then 
permits the resolution of the sludge to free the oil 
containing a higher than average wax content from 
the water while the asphaltenes collect as a tar below 
the water. 

The slight improvement obtained when acid was 
used can be attributed to its action in assisting the 
coagulation of the asphaltenes and to its lowering the 
oil-water interfacial tension.! 

The wax and semi-liquid or liquefiable asphaltenes 
in this sludge contrast with the solid “ B.S.” in the 
Australian sludges. In the former case heating alone 
can be effective in resolving the sludge completely, as 
the asphaltenes coagulate when heated sufficiently. 
In the latter case the coagulation of the “ B.S.” was 
effected by the acid polymerization of pyrroles, etc., 
in the oil. 
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Newman-McEvoy valves at one of the new French wells — 
Hassi-Messaoud in the Sahara. 


all question 


Each end of a Newman-McEvoy Valve has an independent 


automatic self-sealing system, which consists of a 
reservoir and two full port seal grooves. 

One lies between the gate and seat faces, and the 
other between the insertable seat and 

housing. Both are served by independent 
reservoirs. These result in outstanding 

tightness and lower maintenance cost, and are 
reasons why more and more users are specifying 
NEWMAN-McEVOY VALVES. 


They serve better. 


NEWMAN, HENDER & Co. Ltd. 


WOODCHESTER, STROUD, GLOS. 


Telephone: Nailsworth 360 (6 lines) 
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JOINTS 


Technical advice and 
assistance on the selection 
and application of refrac- 
tories are available on 
request, 


A ready-to-use jointing mortar supplied in a smooth plastic 
condition, which may be applicd with a trowel in the 
normal way, or used for “dip and rub” joints. 

Durax No 14 is an aluminous refractory cement which 
contains a high proportion of pre-calcined material to 
control shrinkage. It produces thin, solid joints which set 
hard without the application of heat. These joints are as 
impermeable to the action of the furnaces gasses as the bricks 
themselves, resulting in reduced cool air infiltration and 
improved thermal efficiency. 

Designed for use between 1000°C and 1650 C. For lower 
temperatures Durax No. 4 is recommended. 
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The Gilbarco Gauge is a highly accurate 
electronic instrument for indicating liquid level in 
deep tanks. Here are a few of its advantages :— 


a It can be installed in tanks of all types to 
indicate liquid level or the interface 
between two liquids. 


6 It gives continuous readings of liquid level 
(regardless of specific gravity) to within a few 
thous. of an inch of height—a feature of 
particular importance for tanks 

with large surface areas. 


& It provides local and remote indication 
with a signal to operate data reduction or 
logging equipment if required. 


* It is suitable for operation in hazardous 
areas and in extremes of temperature. 


EY In multiple storage tank installations, 
one remote indicator can be arranged to 
display the contents, in turn, of up to 50 tanks. 


4 Routine maintenance can be readily 
performed without taking the tank out of service. 


Gilbarco Gauges of our production will 
shortly be available to Buxton flame-proof 

specification or to American Class 1 
Group D, Division 1 classification 


Made under licence to Gilbert and Barker Mfg. Co. U.S.A For full details write to: 


FIRTH CLEVELAND INSTRUMENTS LTD 


TREFOREST - PONTYPRIDD - GLAMORGAN A MEMBER OF THE FIRTH CLEVELAND GROUP 


Branches: Birmingham, Manchester, Glasgow, Stockholm, Copenhagen, Ballarat, Sydney, Johannesburg, Naarden, Milan and New York. 
CRC 230 
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British Empire—made to suit 
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BROTHERHOOD 


GENERATING SETS 


Turbine driven up to 
11,000 kw. 
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in service. 
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HEATING 
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* Negligible installation costs 


* Multi-zone heating by tiered, independent, circular 
elements 


* Heat EXACTLY where you want it no heat wastage 
* Can be specifically designed for special requirements 
* Highest quality design and construction 


Send for literature and full details :-— 


THE STABILAG CO. LTD. 
Mark Road, Hemel Hempstead, Herts. Telephone: BO Xmoor 4481 


DRILLING AND 
PRODUCTION SAFETY 
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(Loose Leaf) 


Part 4 of Model Code of Safe 
Practice in the Petroleum Industry 


Price 12s. 6d. post free 


A 3-ring binder to hold this and other codes 
can be supplied at the price of 15s. 6d. 
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The Institute of Petroleum 


61 New Cavendish Street, 
London, W.1 
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built for The International Synthetic Rubber Company Limited at Hythe, 
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the new Triangle Wellhead Valve is one of the 
latest additions to a range of the most advanced 
designs available. It is specially constructed to 
withstand tremendous pressures of up to 

5,000 lbs. per square inch. 


Full technical details and specifications from: 


TRIANGLE VALVE 


co. LTD. 
| 


CANBERRA HOUSE, 315-7 REGENT ST., W.1. 
Tel: LANGHAM 6526-7-8 Cables: Trivalon London Telex: 24.100 
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OF THE FIVE typical high-quality 


blends which go into premium gaso- tae 
line, alkylate is by far the best per- R = 
The reason is quite apparent in the octane octane minus (Union- 
table: Alkylate, though it can’t claim (RON) (MON) MON) town) 
the top research octane rating, does 
much better by the motor-octane Alkylate 103.0 104.5 — 15 107.5 
method and, most important, excels in 
actual road’ performance. Reformate extract .... 103.7 94.0 9.7 103.5 
The current controversy over Cy plus reformate 103.0 93.5 95 102.5 
methods of measuring octane ratings P 
arises from the fact that, as the new Cs plus reformate 100.0 91.7 8.3 100.0 Be 
cars become more demanding, the re- oe 
search octane rating becomes less in- 99.0 87.5 11.5 98.0 ; 


dicative of actual fuel performance. 
The old motor method, on the other 


Catalytic cracked .... 


hand, more closely matches actual oa 
driving performance, or road ratings. thing the industry is watching more with them until something better is Bs 
In the past, top billing has gone to closely. developed. RE 
the research rating of gasoline. Even Shown here are the antiknock values Of all available stocks today, Be 
today, as it approaches or passes the of five typical high-quality leaded  alkylate is the standout. Moreover, £-° 
magic 100 mark, research is getting blends. Note the more direct correla- alkylate shows better road per- Be 
formance when blended with aromat- ee 


a big play in advertising. 

But the payoff is road performance. 
As requirements rise, today’s cars 
are beginning to rate fuels more nearly 
as they are evaluated in the laboratory 
by the motor method. Both yardsticks 
are still important, but their relation to 
each other, called sensitivity, is some- 


tion of road with motor octane. 
Note, too, that neither the research 
nor the motor method gives the re- 
finer a direct fix on his ultimate 
goal—how the fuel is actually judged 
by the car on the road. The industry is 
dissatisfied with both laboratory 
methods on this count. But it must live 


ics than with cat gasoline. Polymer 
gasoline ranks generally higher than 
cat cracked by the research method. 
But both motor and road tests down- 
grade this olefin to the point where 
it is now going out of the picture as a 
premium blending stock. 


Reproduced from the 14th August 1958 issue of OIL & GAS JOURNAL an authoratitive U.S. petroleum publication. 


41,000 BPD alk lation unit rec ently completed for the British merican Oil 


readily available experience 


KELLOGG INTERNATI 


KELLOGG House . 


Subsidiaries of 


w. kK 
ELLOGG COMPANY NEw 


ANY LT 
COMPANI, COMPANH D - TORONT, 
THE Mm VENEZUELA mio DEJA E LLO G i: 
AS NEIRO 


: 
| 
ALK YLA TION PRO BLEMS 
British refiners have Teadily available to them through 
weet €xperience which Includes a Major role in developing the 
alkylation Process and the €xperience of Process engineering, 
designing and Constructing some thirty units with a total 
alkylate Capacity of over 100,000 BPD. Recent units range 
seh IN size from 740 BPD. to 9,000 BPD and can Produce 
= to produce a larger yield of light alkylate of high quality and 
ig at the same time reduces acid Consumption. Petroleum 
executives will find eir advantage to investigate this 
po 7-10 CHANDOS STREET . CAVENDISH SQUARE . LONDON y ee 
SOCIETE KELLOGG PARIS THE CANADIAN kk 
KELLOGG PAN AMERICAN 


of ROAD 


YEAR § 


- Butterfields’ No. 1 Works 
Britain’s 

Number One Factory for 
Road Tank Production 


At the Butterfield No. 1 Works at Shipley 

there is one manufacturing shop 300ft. long 

by 120fi. wide occupied solely on the production 
of Road Transport Tanks, Refuellers ete. 

in Stainless Steel, Mild Steel, Aluminium, 

Nickel or any alloy. This is complete 
production under one roof. 


To ensure the constant continued quality of our workmanship 
we have recently installed Weld X-Ray, mechanical 
testing and metallurgical laboratories, all of 
which are employed to maintain the highest standard 
of production. We also have high vacuum testing 
facilities and are equipped to undertake #*Epikote 
lining to customers’ requirements. 


*EPIKOTE 
is the 
TRADE MARK 


of the 
Shell 


Chemical 


W. P. Butterfield Ltd. 
P.O. Box 38 Shipley, Yorks. 
Telephone: 52244 (8 lines) 


BRANCHES 
Co. Ltd. yak ae LONDON Tel. HOLborn 2455 (4 lines) 


BIRMINGHAM Tel. EAS 0871 & EAS 2241 
BRISTOL Tel. 27905 

LIVERPOOL Tel. CENtral 0829 
MANCHESTER Tel. BLAckfriars 9417 
NEWCASTLE-ON-TYNE Tel. 23823 
GLASGOW Tel. CENtral 7696 

BELFAST N.I. Tel. 57343 
DUBLIN Tel, 73475 & 79745 
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